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A SYSTEM AND METHOD FOR 
DIAGNOSIS OF DISEASE BY 

INFRARED ANALYSIS OF 
HUMAN TISSUES AND CELLS 

5 

Field Of The Invention 

The present invention relates generally to systems and methods for 
diagnosing diseased from non-diseased human tissue and cells. More specifically, the 
present invention relates to systems and methods for diagnosing diseased from non- 
10 diseased human tissue and cells, and for providing for the ability to grade the level of 
disease in the diseased human tissue and cells that is found. 

Background Of The Invention 

It is known that cancer cells evolve as they accumulate errors in the 

15 parts of their DNA that encode factors regulating the growth and division of cells. 
Cancer emerges when the balance of these factors favors unconstrained growth of cells 
so that the cells divide without regard for body economy and independent of their loca- 
tion in the body. These properties of cancer cells are tighdy regulated in normal cells 
and dysplastic cells, which have limits on the rates of division and stricter limits on 

20 locations in the body in which they can live. 

It is also known that there is no single way to describe the sequential, 
accumulation of errors in cellular DNA that leads ultimately to cancer because there 
are a multiplicity of factors that regulate the growth of cells. Therefore, an imbalance 
between factors regulating growth by promoting or constraining it can be arrived at in 

25 many different ways. 

. The evolution of a normal cell to a cancer cell is shown graphically in 
Figure 1, generally at 100. In Figure 1, normal cell 102 may evolve to cancer cell 104 
by way of paths 106, 108, 110, 112, or 1 14. Each path reflects the accumulation of 
damage to DNA that is different as to the exact sequence or site of damage to DNA 

30 and as to the time-dependence for damage to the same sequences of DNA in different 
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patients. The numbers in the boxes in a given path represent specific genes that control 
growth and change of normal cells. If six genes are mutated, a normal cell will evolve 
into a cancer cell. As is shown, each path has a different sequence of gene mutation 
that result in a cancer cell. Although only five paths are shown and six mutations are 
shown for each path, this is only to be regarded as a representation because there can 
be a greater number of paths and a greater number of mutations in such paths. More- 
over, all paths may not have the same length, if plotted as a function of time, because 
some damaged sites may lead more rapidly than others to loss or restraint of cell 
growth and division. Nevertheless, all of the paths lead to a common end-point, which 
is loss or restraint on cell division and growth and cells with the properties of cancer 
cells. It, however, is not known whether there is any relation between morphologic 
grades of dysplasia and the time-dependent progress to cancer according to Figure 1. 

Since specific regions of DNA that are permanently damaged generate 
abnormal proteins, cell structures leading to the cancerous state will be different even 
when different patients have cancers of the same type of cell. The impact of this reality 
has a profound effect on the pathological detection of precancer 

Over the last 30-40 years, there has been numerous efforts to improve 
upon the abUity to obtain early diagnosis of diseased tissue so that effective treatment 
plans may be devised to arrest or eliminate the disease in the body. This, however, has 
proven impossible in some cases because at the early stages of a disease, current tech- 
nology has extreme difficulty detecting the existence of such a disease. Moreover, 
because of the inaccuracy of current testing methods, there is a large number of false* 
positives or false-negatives which weigh heavily on the ability to rely on only any sin- 
gle test to determine the existence or non-existence of diseased tissue or cells. This 
high number of false-positives and false-negatives has had the added effect of eroding 
patient confidence in his or her physician. Therefore, it is easily understood why 
patients who have been diagnosed with a disease, such as cancer, do not know who or 
what to believe about his or her possible illness or whether or not to commence a par- 
ticular treatment regimen. 

The importance of examining cells in the context of controlling the can- 
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cer reflects that surgical biopsies cannot be used as a basis for surveillance of millions 
of people for evidence of the early stages of diseases that lead to cancer because biop- 
sies are difficult, time consuming, and expensive. By contrast, cells can be obtained 
relatively cheaply via non-invasive or minimally invasive (and safe) methods and, 

5 therefore, are ideally suited for purposes of the surveillance of early disease. It is even 
faster, less costly, and safer to aspirate cells from a tumor through a fine needle than to 
biopsy the tumor. A problem however, is that diagnostic pathology services are not as 
accurate in examining cells collected by fine needle aspiration as they are in examining 
surgical biopsies of the same tumors. 

10 Ironically, the earliest stages of disease are the hardest to detect with 

current methods of diagnostic pathology. Hence, the pressing need is to improve the 
results from examining cells. There is a need too for the capacity to follow the evolu- 
tion of precancerous disease from the earliest time they are detectable in order to deter- 
mine the most opportune time to intervene therapeutically and to choose for each 

15 patient the most efficient and effective form of therapy. Neither of these goals is 
achieved by current methods of diagnostic pathology. 

With respect to PAP smear examinations, it has been recommended that 
every woman who is sexually active or over the age of 18 have a one of cervical cells 
once a year. Women take this test to determine the existence or non-existence of cer- 

20 vical cancer. 

To perform a PAP smear test, cells obtained by the gentle scraping of 
the cervix are smeared on glass slides, fixed, stained, and viewed microscopically in 
order to determine whether the cells are normal or whether they are infected with pre- 
cancerous disease, which is called "dyplasia" Other diagnoses that are made by exam- 

25 ination of the cervical smear are inflammatory response, atypia, and atypical squamous 
cells of undetermined significance ("ASCUS"). Except for an inflammatory response 
masking dysplasia or masquerading as dysplasia, the diagnosis of normal cervical cells 
in the presence of an inflammatory response is not clinically significant The diagnoses 
of atypia and ASCUS are extremely troublesome for the clinician because they are 

30 equivocal with regard to the absence of dysplasia, which other than "normal" is a key 
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pathologic/cytologic diagnosis. 

The validity of diagnostic pathology techniques has been established by 
the experience of the last 40-50 years in detecting and treating precancerous disease of 
the cervix. The early detection of precancerous lesions in cervical cells by the tech 
5 nique of examining cervical cells removed by gentle scraping of the cervix (the PAP 
test) has reduced the incidence of invasive cancer of the cervix by about 2/3. 

In the United States alone, there are about 50,000 cases of precancer 
diagnosed per year on the basis of cancer screening via the PAP test This means that 
50,000 American women a year are spared the development of invasive cancer of the 
10 cervix because precancerous disease is detected in tissues and cells prior to the evolu- 
tion of affected cells to cancerous cells. This experience shows, therefore, that it is eas- 
ier, less costly, and more effective to treat and cure precancerous cells as compared 
with cancerous cells. 

PAP smear tests experience a large percentage of false-negative or false 
15 positive results. As such, 1/3 of women with invasive cancer of the cervix have had a 
recent normal examination of cervical cells, i.e., a normal PAP test False-negative 
results, in fact are as high as 40% for examination of cervical cells. It is clear that 
screening for precancer of the cervix (and other epithelial tissues as well) needs to be 
improved. 

20 0nce a PAP sroear has been completed, the pathologist or cytologist 

provides a diagnosis of dysplasia. In doing so, he or she indicates the level of the dis- 
ease seen on smear as CIN I, CIN n, or CIN JE based on the extent to which the cells 
appear abnormal. The relationship of these designations is shown generally in Figure 2 
at200. As shown in Figure 2, normal cell 202 will evolve to cancer cell 204 after going 

25 through CIN I and 208, CIN H at 212 and CIN HI at 2 14. The CIN I grade at 206 refers 
to cells that have minimal changes of precancer. The CIN U grade at 208 refer to cells 
that have moderate changes of precancer. Finally, the CIN m grade refers to cells that 
are believed to be on the verge of becoming invasive cancers. Such diagnoses alert the 
clinician that precancer exists and that some type of treatment of the precancer is 

30 needed to cure the condition and prevent the ultimate evolution of frank cancer. 
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In the event that a PAP smear is interpreted as normal, and the clinician 
has no reason to doubt the accuracy of the diagnosis, nothing further need be done in 
searching for precancer except to retest the patient in one year. In the event that dyspla- 
sia is found or the patient's doctor is suspicious of the meaning of an equivocal diagno- 

5 sis, e.g., atypia or ASCUS, a culposcopic examination is performed. 

Colopscopy is the process of directly viewing the cervix under magnifi- 
cation via an optical device inserted into the vagina. It also involves staining of the tis- 
sues with dilute acetic acid to facilitate visualization of abnormalities. The physician 
biopsies areas of disease during the colposcopy, based on visual evidence of disease 

10 and clinical judgment Sometimes biopsies are taken of the outer region of the cervix 
even in the absence of identifiable disease. Additionally, biopsies usually are taken of 
the endocervical tissues that are not accessible by direct visualization during colpo- 
scopy. Hence, the PAP smear is used as a screening test for determining whether col- 
poscopy is necessary to confirm the existence of significant disease or to resolve the 

15 non-existence of such disease. 

Colposcopy and biopsy of cervical tissue regularly detect precancer and 
cancer in cervical cells in patients in whom PAP smears are normal. In fact, PAP 
smears detect no more than 50% of women with precancer that have colposcopic 
examination and subsequent evidence of precancer. The reasons for this include that 

20 there is sampling of tissue under direct visualization of diseased areas during colpos- 
copy while not during collection of cells, that biopsies collect tissue at depth while 
cells may be collected only from the superficial layer of the squamous epithelium of 
the cervix, and there is greater difficulty in microscopically examining scattered cells 
versus the examination of contiguous cells in a biopsy. Most importantly, however, 

25 biopsies obtained during colposcopy are considered "the gold standard" for determin- 
ing whether disease is present, and the biopsy of tissue is believed to be the most cer- 
tain method for detecting or excluding disease. 

Typical results of cytologic examinations of cervical cells and histo- 
pathologic examinations of cervical biopsies from the same women are summarized in 

30 Tables 1 to 3. These results provide graphic examples of the kinds of problems that 
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exist and need to be solved. Table 1, for example, provides data for 15 women that 
compare the results of cervical cytology (PAP smears) and biopsies of cervical tissue, 
(obtained at the time of colposcopy). 



20 



Table 1: 



T> A ' 1*1 CK1T Ji 


PAP RESULT 


BIOPSY RESULT 


PATIENT 1 


LOW GRADE CIN 


ciNn-m 


PATIENT 2 


ASCUS 


ONI 


PATIENT 3 


LOW GRADE CIN 


ONI 


PATIENT 4 


ASCUS 


ONI 


PATIENTS 


NEGATIVE 


CINII 


PAITENT6 


LOW GRADE ON 


CINII 


PATIENT 7 


ASCUS 


CINI 


PATIENT 8 


LOW GRADE ON 


CINI 


PATIENT 9 


LOW GRADE CIN 


cinii 


PATIENT 10 


HIGH GRADE ON 


ciNn-m 


PATIENT 11 


HIGH GRADE ON 


cmi 


| PATIENT 12 


HIGH GRADE CIN 


cinii 


PATIENT 13 


LOW GRADE CIN 


ciNm 


PATIENT 14 


NEGAITVE 


CINI 


PATIENT 15 


SQ.ATYPIA 
CANTR/OCIN1 


ciNm 



As is seen, there is poor correspondence between the diagnoses made by examination 
of cervical cells and the diagnosis made on the basis of cervical biopsies. 

The problem of making accurate diagnoses is illustrated further by the 
25 results in Table 2, which shows the results of diagnosis made by four pathologists 
the same data of 16 patients. 



on 



30 
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Table 2: 



5 



10 



15 



pahent 


ORIGINAL 
SIGNED OUT 


PAIH1 


PATH 2 


PATH 3 


PATH 4 


PATIENT 1 


LG-SIL REC COLPO 


1 ASCUS 


2 LG 


1 HG 




PATIENT 2 


ATYPIA UNDET. SIGN. 


i REACT 


1 ASCUS 


1 LG 


1 HG 


PATENT 3 


LG-HPV REC COLPO 


1 ASCUS 


3 LG 






PATIENT 4 


ASCUS/COLPO 


1 SQMET 


2 INF 


1 ASCUS 




PATIENTS 


NEGFORMC 


1 ASCUS 


1INF 


1 LG 


1 HG 


PATIENT 6 


LG/HPV REC COLPO 


2 ASCUS 


2LG 






PATENT 7 


ASCUS 


3 LG 


1 HG 






PATENT 8 


LG-SIL 


2 ASCUS 


1 LG 


1 HG 




PATIENT 9 


LG/HPV 


2 LG 


2 homo 






PAITENT10 


NO PAP ON FILE 










PATENT 11 


HG 


2 INF 


1 LG 


I HG 




PATIENT 12 


HG-SDL ADVISE COLPO 


1 INF/LG 


1 LG 


2HG 




PATENT 13 


HG, MOD DYS 


2 LG 


2HG 






PATENT 14 


LG-SIL ADVISE COLPO 


1 ASC/LG 


1 LG 


2 HG' 




PATENT 15 


NEG INFLAM CELL 
CHANGES 


1 ASCUS 


2LG 


1 HG 




PATENT 16 


SQ ATYPI A/CANT R/O LG 


1 ASCUS 


1 LG 


2HG 





20 



25 



LG = 


Low Grade 


INF LAM = 


Inflammation 


COLPO = 


Colopscopy 


HPV = 


Human papilloma virus 


HG = 


High Grade 


SQMET = 


Squamous Metaplasia 


REC = 


Recommend 


SIL = 


Squamous Intraepithelial Lesion 


NEG = 


Negative 


ASCUS= 


Atypical Squamous Ceils Undetermined Significance 



30 



As stated, listed are the individual diagnoses of four pathologists, who examined the 
same smears of cervical cells without knowledge of diagnoses reached by other pathol- 
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ogists. Table 2 shows poor agreement between pathologists examining the same cells. 
As will be seen in Table 3, the inter-individual variation in diagnosis does not improve 
when cervical biopsies are examined. 

Table 3 shows the individual diagnoses of four pathologists examining 
independently the biopsies corresponding to the cervical cells. 

Table 3: 



PATIENT 


ORIGINAL 
SIGNOUT 


PATH! 


PATH 2 


PATH 3 


PATH 4 


PATIENT 1 


ciNn-m 


icmnym 


1CIN/HPV 


2 0NS/CIS 




PATIENT 2 


CINI/HPV 


llNFATY 


2CTNI 


icini/hpv 




PATIENT 3 


ONI 


1HPV 


1 CINI/HPV 


2 CINI 




PATIENT 4 ! 


ONI 


3 CINI 


i ciNin 






PATENT 5 


aNn 


lCINI/n 


2dNn/m 


lciNm 




PATIENT 6 


emu 


1 CINMI 


l CINH/HPV 


iaNn 


icrNm 


PATIENT 7 


CINI/HPV 


1CINI 


l ciNi-n 


icinii/hpv 


laNn/m 


PATENT 8 


CINI/HPV 


1INFCH 


1HPV 


ICINI/HPV 


laNm/as 


PATENT 9 


CINII/HPV 


2 CINI 


2 CINI/HPV 






PATIENT 10 


CINHI 


1 CINI/HPV 


1 CINI/TJ 


1 CINII/HPV 


i dNn/m 


PATENT 11 


ciNn-m 


1CINI 


2CINWI 


ICINII/HPV 




PATIENT 12 


CINI 




iciNi/n 


3 CINU 




PATIENT 13 


ciNn 


2CINI/U 


2 emu 






PATIENT 14 


aNm 


2C3NIII 


2CINTU/CIS 






PATIENT 15 


cinmi 


icinh 


3 ciNn/ni 






PATIENT 16 


aNm 


i ciNn/m 


ICINTH 


1CIS 
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15 



20 



25 



30 



Table 3 demonstrates the generally poor agreement between pathologists as to the 
exact diagnoses when made by examining the same cervical biopsies. In fact, there 
significant discrepancy between pathologists as to the type of disease present, given 
that dysplasia (CIN) is a serious problem while diagnoses such as inflammatory 
response, reactive response, or squamous metaplasia are not medically significant. 
Moreover, there is virtually no agreement on grading the degree of dysplasia. 



is a 
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As stated the pathologists 1 view of the evolution of normal cells to can- 
cer as depicted in Figure 2. The cells evolve along a linear and singular path from nor- 
mal to frank cancer. This idea has considerable clinical value because it suggests that 
the extent and rate of progression of precancer can be tracked in patients, that the 
5 examination of cells and tissues allows for predicting the rate of approach to cancer, 
that the selection of the most optimum time and type of therapy for each patient can be 
chosen, and that the efficacy of agents that are purported to affect the rate of progres- 
sion of cells to cancer can be determined. In practice, however, the classification in 
Figure 2 and the idea expressed by it are of no value clinically because the designa- 

10 tions of CIN I to III are essentially arbitrary and the realities of what is shown in Figure 
1 must be considered. 

No attempt has been made to use what is shown in Figure 2 for the pur- 
pose of tracking the course of disease in individual patients. A woman's past PAP 
smears or cervical biopsies are almost never compared with current ones for the pur- 

15 pose of tracking the course of her disease. The grading system is used only for select- 
ing treatment at a single point in time; but even when used this way, the examples in 
Table 3 indicate that the grading system is unlikely to optimize the selection of therapy. 
Thus, women may be treated for cervical disease not so much according to their real 
disease but according to the pathologist's subjective interpretation of the tissue or cells 

20 obtained for examination. 

The diagnostic pathology services that are used to perform the work 
discussed above have inherent limitations. These limitations restrict the usefulness of 
the diagnostic activity and impact negatively on the practice of clinical medicine. One 
of the main reasons for this is that diagnostic pathology services are completely sub- 

25 jective. 

Under current methods, the collection of information from tissue or 
cells may result in interpretations of such information that varies tremendously 
because these interpretations are subjective and not based on some standard. For 
example, current diagnosis of disease may be obtained by microscopic examination of 
30 fixed, stained tissues. During examination, the examiner looks for clues that indicate 
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whether a particular disease is present A few of the things that the examiner will look 
for in this evaluation are changes in the size and shape of components in cells, the 
amounts of different components (for example, the volume occupied by the nucleus of 
the cell as compared with the total volume of the cell), and the intensity with which 
5 components stain. The evaluation of these items will depend solely on the exmining 
pathologist, his background, and his experience. 

The type of evolution just described did not at any stage attempt to 
assign numerical value to or weight to various diagnostic criteria or to quantitate how 
abnormal cells differ from normal. Judgments were made only on the existence or non- 
10 existence of diseased tissue and cells. What complicates the evaluation process further 
is that not all cells in a section of tissue or on a slide are affected equally, if affected at 
all Also, the examiner often is looking for a few diseased cells amongst a large num- 
ber of normal appearing cells which is like trying to find a "needle in a haystack," 
which is not usually fruitful. 

15 Because of the subjective nature of data collection by an examiner and 

subjective interpretation of the medical relevance of the data, there is a crucial rela- 
tionship between the validity of a diagnostic opinion and the skill, diligence, and prior 
experience of the examiner, and the presence of factors that affect skill, e.g., fatigue 
and time-demands in the work place. The results of these factors are that the quality of 

20 diagnostic services can vary widely in different locations. There are no ways to control 
these variations so long as the fundamental method of diagnostic pathology remains a 
subjective process. 

Even when levels of skill and experience in collecting information are 
considered equal and fatigue is not a complicating factor, the subjective nature of the 
diagnostic process is reflected by high rates of disagreement between different pathol- 
ogists as to what each saw in a sample of tissue or cells as has been discussed. The 
variability, even applies when a single pathologist views the same sample at different 
points in time which results in that examiner often disagreeing with his or her prior 
diagnosis. 

The issue of subjectivity also results in the diagnostic pathology ser- 
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vices being provided only by pathologists. As such, such services will not be available 
in the absence of trained pathologists in reasonable proximity to sites at which samples 
of tissues and cells are collected. Moreover, diagnostic pathology services are not 
available in many parts of the world because of the lack of trained personnel There- 

5 fore, when such services are performed without the assistance of trained pathologists, 
the quality of these services is extremely poor. 

Another issue is that the current knowledge of the causes and evolution 
of diseases, such as cancer, exceed the diagnostic capabilities of current pathology to 
reliably detect evidence of the early stages of a disease or its forerunner. As such, there 

10 is a failure to bring the maximum clinical benefit to patients that have, for example, a 
precancerous disease that can be treated if attacked early enough. More particularly 
with respect to cancer, the current knowledge of the causes and evolution of cancer 
exceed the diagnostic powers of pathology to reliably detect evidence of the emer- 
gence of cancer from precancerous cells. Therefore, it is only after the diseased tissue 

15 or cells reach a threshold level that any detection can be made, which may be too late. 
What is not always appreciated is that normal cells do not become can- 
cerous suddenly or in one step but develop over a period of time in a series of steps. If, 
in fact, one is able to have a detection system and method that can detect precancer at 
the earliest stages through frank cancer, it would be extremely helpful in the fight 

20 against cancer and other diseases. 

A further problem with diagnostic pathology services is that they are 
not suitable for monitoring, in real-time, the effect of a treatment regimen on the evo- 
lution of the disease, such as cancer, from early stages, such as precancerous cells. 
Physicians need a real-time method for evaluating whether the progression of precan- 

25 cerous disease is responding to treatment. Real-time analysis of progress of disease in 
a given patient is especially important so a physician can accurately determine whether 
chemoprotective agents, which are used for the purpose of slowing the evolution of 
cancer from normal or even precancerous tissues, actual work. 

By real-time, what is meant is that a system would have the capacity to 

30 determine the rate of progression of disease in each individual patient by comparing 



WO 96/41152 



PCT/US96/09139 



-12- 



10 



the properties of cells taken at different times from the patient This may seem to be a 
simple, but it is not possible to do it with current methods of diagnostic pathology. 
Current methods cannot grade accurately the extent of progress of precancerous dis- 
ease in an individual patient The course of disease and the response of disease to ther- 
apy are only accessible today via retrospective epidemiologic studies that give, at best 
the average course of a disease and the average response of that disease to treatment 
Also diagnostic pathology services are dependant on the adequacy of 
samples submitted for analysis. In order for diagnostic pathology services to obtain a 
diagnosis, they must have an adequate amount of tissue or cells. Therefore, in the 
absence of the proper quantity, a diagnosis cannot be provided. Without quality control 
standards to ensure that an adequate amount of cells is provided, there is an inherent 
diminution in the value of the diagnostic procedure. 

In some applications of the current methods of pathology, and espe- 
cially in the examination of individual cells, the value of examination depends on the 
15 quality of the specimen collected as well as the subjective collection of information 
from the sample. Variation in the number of cells available for examination in samples 
of cervical cells can be as great from patient to patient as 1000-fold. Yet this disparity 
almost never becomes an issue because of what is done in reality. 

Reports of inadequate samples are embarrassing to the referring physi- 
cian, who must recall the patient and explain the need for acquiring a new sample. 
There is a tendency, therefore, for laboratories to protect their business interests by 
protecting referring physicians from the embarrassment of having collected an inade- 
quate sample. 

Another control issue is that laboratories, responding to economic 
issues, do not follow recommended guidelines for sampling and examining cervical 
cells. The recommended method for obtaining cells and examining them is to obtain 
separately cells from the endo- and exocervix, and to smear cells from the two loca- 
tions on separate slides. This recommended method for sampling cervical cells gener- 
ally is ignored because it doubles the cost of performing the diagnostic examination. 
The same fee can be collected, however, by examining a single slide that presumably 
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has a mixture of cells from the endo- and exocervical regions as for the recommended 
two-slide method (which takes more time). Therefore, in many cases, the single slide 
method is used. 

Other issues to consider are the economics of diagnostic pathology ser- 

5 vices and the time involved to perform the services. The separation of the tissue and 
cells from the patient, and transportation to a location of the specialized technicians 
and then to the pathologist or cytotechnologist, lead to long delays between acquiring 
samples and rendering diagnostic opinions. Moreover, this adds considerably to the 
total cost of medical care. In some instances too, in which speed is essential for the 

10 diagnostic process, as for example in the operating room, the methods used to speed 
the diagnostic process from days to hours or to minutes are inherently inferior to more 
time-consuming methods. 

These and other problems are addressed by the system and method of 
the present invention. 

15 Summary Of The Invention 

The present invention is a machine-based method for collecting and 
interpreting quantitative data on cells and tissues. The present invention makes it pos- 
sible to provide high quality diagnostic pathology services in medically-underserved 
regions of the world, including the United States. The present invention provides a 

20 basis for immediate diagnostic decisions for patients and physicians, leading in turn to 
immediate implementation of next-step procedures and treatment all in one visit to the 
doctor's office. This means that patients and the examining clinician can know almost 
instantly whether or not the cells or tissue examined are normal or diseased, and the 
level of disease present if found. The advantages of bringing the diagnostic pathology 

25 service directly into the doctor's office include immediate relief to the patient's concern 
about health as well as immediate clarification of what needs to be done next in order 
to treat the disease that is present, and include any other actions that are necessary. 

In the case that a sample is judged inadequate for making a reasonably 
certain diagnosis, a new sample can be obtained before the patient leaves the doctor's 

30 office. This adds to the quality of diagnostic services without inconveniencing the 
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patient or doctor and adds little cost to the process of making the most accurate diagno- 
sis possible. 

Tne present invention also solves another critical but often neglected 
feature of the cost of delivering medical care, which is the cost of patients with disease 
who are lost to proper follow-up treatment while disease is present in early and curable 
stages. Patients at the highest risk for cancer of the cervix, for example, are the ones 
most often lost to follow-up (as often as 25% of the time) after a positive PAP smear 
test A major contributing factor to this loss to follow-up is the long delay between col- 
lecting cervical cells from the patient and the rendering of a diagnosis. Because of the 
delay between collecting a specimen of cells and the final diagnostic opinion of the 
pathologist, the impact of the diagnostic decision is diminished. It is often not deliv- 
ered in person by the patient's doctor in the immediate clinical setting. The important 
problem of loss to follow-up of patients with treatable diseases will be decreased in the 
setting that patients and doctors know the diagnosis at the time cervical samples (or 
15 other samples) are collected. The present invention also makes it possible for the clini- 
cian to have an immediate comparison of results of previous tests with the test being 
conducted at the moment, whether or not the previous and the present tests were con- 
ducted by the same physician at the same location. 

There are medically compelling reasons why diagnosis should be car- 
20 ried out prior to or without obtaining biopsies of tissues or cells. The present invention 
makes this possible because by using a probe it collects exactly the same type of infor- 
mation about cells and tissues within the body as it collects from examining cells and 
tissues removed from the patient by biopsy. The medical importance of this aspect of 
the present invention is not simply to allow for gathering immediate diagnostic infor- 
25 matron from the patient but is to provide the ability to obtain more information from 
broader areas by examining tissues inside the body than is available by taking biopsies 
or cells from the body and then examining them. For example, the act per se of biopsy 
of tissue distorts the remaining tissue and bleeding that accompanies a biopsy distorts 
the physicians visual field of the diseased tissue. These limit the number of biopsies 
that can be obtained. Not infrequently, biopsies of suspicious tissues are reported as 
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"normal," which leads to recalling the patient, repeating the procedure, and obtaining 
even more biopsies. Additionally, biopsies cannot be taken in patients who have been 
placed on anticoagulants or who have taken aspirin and related drugs within a few days 
of the examination. 

5 The present invention provides a means for rapid identification of the 

area of tissue that is affected by cancer or another disease prior to obtaining biopsies at 
the presumed margins between normal and diseased tissues. This information, in turn, 
allows the surgeon to make immediate and accurate decisions as to what portions of 
tissue to leave behind or remove. Moreover, the present invention provides a rapid, 

10 objective measure of the state of the tissue, which can be used to follow the patients 
course after surgery. 

Noting the foregoing, an object of the present invention is to provide a 
non-subjective, quantitative system and method for the collection of data from cells 
and tissues and to make interpretations about the presence or absence of disease based 

15 on evaluation of these data. This objective makes it possible to apply a single standard 
of diagnostic accuracy anywhere in the world, independent of the local availability of 
pathologists or other professionals. 

A further object of the present invention is to provide quantifiable diag- 
nostic tools for determining when to treat patients with precancer, how to treat these 

20 patients, and whether or not these patients are responding to non-surgical therapies. 

Another object of the present invention is to solve the problem of qual- 
ity control of sampling by providing an objective, and quantifiable measure of the ade- 
quacy of samples of cells submitted for examination by providing doctors and patients 
with results based on the adequacy of the samples submitted for examination. 

25 A still further object of the present invention is to ensure that as much 

clinically useful information is derived by examining cells which is accomplished 
because the marginal, incremental cost of examining multiple cytological samples 
from a single patient, makes it possible to collect and examine cells in the field. 

Another object of the present invention, in the context of examining 

30 tissue within the body, is to provide a means for rapid identification of diseased tissues 
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in the setting of the operating room. 

These and other objects of the invention will be described in the 
remainder of the specification referring to the drawings. 

5 Brief Description Of The Drawings 

Figure 1 graphically shows five possible multipaths for cells evolving 
from normal to cancerous. 

Figure 2 shows the pathologists' concept for the evolution of normal 
cells to cancerous cells. 

10 Figure 3 shows infrared spectra of cervical cells for woman patients 

who have no disease of the cervix. 

Figure 4 shows infrared spectra for a number of woman that have cervi- 
cal cells diagnosed as nonnal cells. 

Figure 5A shows a representation of a cytologic PAP smear of cervical 
15 cells that has been interpreted as displaying normal epithelial cells but a larger than 
nonnal number of acute inflammatory cells. 

Figure 5B shows the infrared spectra of the cells in the cytologic smear 

in Figure 5A. 

Figure 6A shows a cytologic smear of cervical cells that were inter- 
20 preted as being normal and showing a normal number of active inflammatory cell. 

Figure 6B shows the infrared spectrum of the cytologic smear of cervi- 
cal cells shown in Figure 6A 

Figure 7 shows the infrared spectra of cervical cells conesponding to 
nonnal cells (dashed line) and cells with CIN I (solid line). 
25 Fi g ure 8A sh ows a cervical biopsy of the exo-cervix which was inter- 

preted as showing mild dysplasia (grade I or CIN I). 

Figure 8B shows the infrared spectra of cervical cells collected from a 
patient before the biopsy in Figure 8A was obtained. 

Figure 9 shows several infrared spectra from patients with dysplasia of 

3 q the cervix. 

Figure 10 shows infrared spectra from patients with histopathological 
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diagnoses of dysplasia made based on cervical biopsies. 

Figure 11 shows the infrared spectra of samples from patients with dys- 
plasia in biopsies of the cervix and evidence of the infection with human papilloma 
virus ("HPV"). 

5 Figure 12 shows the infrared spectrum of cervical cells with histologi- 

cal evidence of HPV infection (solid line), in the spectral region of 750-1000 cm" 1 . 

Figure 13 shows schematically the flow of information for on line anal- 
ysis of spectral data. 
Description Of The Invention 
0 The present invention is a machine-based system and method for 

determining whether tissues or cells are diseased and grading the level of diseased cells. 
According to the present invention, vibrational spectroscopy is used to detect disease in 
cells at a significantly high level of discrimination. This discrimination level is much 
higher than is able to be obtained using any of the various microscopic methods. The 
present invention may be associated with the vibrational spectroscopy data collection 

systems and methods described in co-pending application Serial No. titled 

Biological Cell Sample Holding for Use in Infrared and/or Raman Spectroscopy 
Analysis, and filed June 7, 1995. 

Data Collect^ jind Detection. 

In the context of spectroscopy, vibrational spectra of molecules, e.g., the 
absorption of light in the infrared spectrum light energies or Raman scattering of light 
at various frequencies, provide a method for examining the chemical and physical 
structures of molecules including the complex molecules in living cells, such as lipids, 
complex sugars, proteins, and nucleic acids which account for the biological behavior 

25 

and characteristics of cells. Vibrational spectroscopy can be used on complex systems, 
such as intact cells and tissues, and the spectra that is generated provide useful 
information about the normalcy of the cells and tissues examined so that a reasonable 
standard may be determined. Vibrational spectroscopy applied to intact cells may be 
used to distinguish between normal cells and cells with the pathological features of 
disease such as cancer. For example, infrared spectra may be used to distinguish benign 
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breast tumor cells from normal cells and infrared spectroscopy may be used to detect 
aberrant proteins in cell. Raman spectroscopy may be used to detect the accumulation 
of lipid in atherosclerotic disease of blood vessels. The depletion of glycogen in 
response to hormonal imbalance may be detected by infrared spectroscopy, as may be 
5 differences inan organ of origin of normal tissues. AdditionaUy, the presence of foreign 
molecules in cells and the effects of these molecules on selected regions of cells may be 
detected with infrared spectroscopy. The damaging effects of ionizing radiation, 
different functional states of muscle, and age and light-induced damage to the eye also 
may be detected with various modes of vibrational spectroscopy. 

There has been some work in the past with regard to the use of infrared 
spectroscopy to detect cancer of the cervix just as it has been used to detect different 
cancers in other tissues examined to date via infrared spectroscopy. Infrared 
spectroscopy also has been found to be useful in detecting cancer in other epithelial 
cells, such as skin, lung, breast, and colon. U.S. Patent Nos. 5,038,039 and 5,168,162 to 
Wong et al. show the use of infrared spectroscopy to detect changes in cervical cells that 
are dysplastic. These patents, however, do not address or recognize that the different 
stages of dysplasia can be discriminated from each other by infrared examination of 
cervical cells and/or tissues. 

As illustrated in Tables 1 to 3, there has been considerable work directed 
to obtaining information based with the microscopic examination of tissue. There has 
not been, however, any teaching or consideration for obtaining the same type of 
- information in a way that allows for standardization even taking into account the 
various modalities of vibrational spectroscopy. The present invention uniquely uses 
infrared spectroscopy and also other modes of vibrational spectroscopy to provide a 
level of information about disease that is not accessible by other known methods and a 
level of information about disease that goes beyond what can be provided by current 
pathological interpretations of tissue. 

Referring to Figure 3, several infrared spectra of cervical cells are shown 
for women patients who have no disease of the cervix. The index cases (lowest three 
spectra for example) are from women patients whose colposcopic examinations of the 
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cervix were normal and who had biopsies of the exo- and endocervix that also were 
normal. The cervical cells obtained from these women, by the standard method of the 
PAP smear from scraping cells from the endo- and exocervix, were normal and the 
infrared spectra of these cells also showed them to be normal. 
5 The details of the infrared spectra of the index cases are used to 

determine if a given specimen of cells has infrared properties corresponding to normal 
cells or cells with evidence of disease. This spectra relates to cells from women whose 
standard cytology of the cervical cells was interpreted to be normal and the spectra 
matched the details of the spectra for the index cases. 

10 Following the present invention, what is shown in Figure 3 are spectra 

that are essentially identical to each other. Thus, for normal cells, the frequencies, 
bandwidths, and intensities of vibrations fall within a narrow range for all women with 
normal cells. This should be known because, as will be shown, there is considerable 
patient to patient variation in the spectra of diseased cells when such patients are 

15 affected by the same disease. The histopathological record of a patient will show that 
even slight variation of a patient's condition from another patient may be recognized 
because of the discrimination that is possible using the present invention. 

Referring to Figure 4, infrared spectra from women with cervical cells 
diagnosed as normal by cytological examination of cervical cells is shown. A 

20 comparison of the spectra in Figure 4 with any spectra in Figure 3 will show that the 
spectra in Figure 4 diverge from the constancy of features among the infrared spectra in 
Figure 3. The spectra in Figure 4 are not characteristic of cervical cells with dysplasia, 
as detected by histopathological examination of cervical biopsies. Rather, the spectra in 
Figure 4 diverge from the normal in Figure 3 in the same qualitative way as spectra of 

25 mildly dysplastic cells. As such, the infrared spectra in Figure 4 are for cells that are 
beginning to accumulate errors in their DNA but do not as of yet display morphologic 
evidence of dysplasia. This provides an example of the discrimination possible using 
the present invention, in which infrared spectroscopy is able to be used to detect 
differences in cells that are undetectable by any other means and method. 

30 The present invention has applicability for detecting difference in other 
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than cervical cells. For example, the present invention may use its method of infrared 
spectroscopy to detect the presence of abnormalities in cells that are below the level of 
detection by microscopic examination of cells and/or tissues. Referring to Figures 5 to 
7, the presence of those abnormalities in cells will be explained! 

Figure 5A shows a cytologic PAP smear of cervical cells that has been 
interpreted as displaying normal epithelial cells but a larger than normal number of 
acute inflammatory cells. The large cells in Figures 5A are the epithelial cells. The 
corresponding infrared spectrum, in the range of frequencies displayed in Figures 3 and 
4, is displayed in Figure 5B. The spectrum in 5B is different from that for normal 
cervical epithelial cells. This is confirmed by comparing the spectra in Figure 3 with 
that in Figure 5B. 

Figure 6A shows a cytologic smear of another specimen of cervical 
ceils. The epithelial cells in this smear were interpreted to be normal, but the sample was 
diagnosed to contain an abnormally large number of acute inflammatory cells, the small 
cells in the figure. The infrared spectrum of the epithelial cells in Figure 6A is shown 
in Figure 6B. By comparison with the spectra in Figure 4, the epithelial cells in Figures 
5B and 6B are not normal. 

Viewing the smears and spectra in Figures 5A and 6A demonstrates the 
advantages of infrared spectroscopy versus histopathological methods of detecting 
20 disease in cells. First, the infrared spectroscopic method detects disease that is 

undetectable by a microscopic study of cells. This is readily seen in that the epithelial 
cells in Figures 5A and 6A appear normal under the microscope but infrared 
spectroscopy of these cells in Figures 5B and 6B shows the presence of disease, as 
reflected by the abnormal vibrational bands for the molecules within the cells. 

The spectra in Figures 5B and 6B cannot be generated by summation of 
spectra for normal epithelial cells plus the spectra for other types of cells because of the 
disappearance of prominent vibrational bands due to normal epithelial cells. Therefore, 
the spectra in Figures 5B and 6B reflect changes in the vibrational bands of the 
epithelial cells. 

30 The Present invention will now be used to show that infrared 
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spectroscopy will detect a well-characterized disease in cells that also is often below the 
level of detection by microscopic examination of cells. 

A cytologic smear of cervical cells is interpreted as showing dysplasia 
of any grade, e.g., grade I or CIN I when at least one cell on the entire smear has the 
5 characteristics of dysplasia. Typically, smears diagnosed as dysplasia have between one 
and five to ten dysplastic-appearing cells, on the basis of microscopic examination, in 
a population of thousands of normal-appearing cells. 

An infrared spectrum of a sample of cells with dysplasia is shown in 
Figure 7, in the solid line. The dashed line is the spectrum of normal cells shown for 

10 reference. Diagnosis for both samples of cells were confirmed by colposcopy and 
biopsy of cervical tissues. Comparison of the dysplastic and normal spectra in Figure 7 
shows that the spectrum of the dysplastic specimen cannot be reconstructed from the 
spectrum of the normal cells plus any other type of spectrum and therefore that nearly 
all the cells, not a minority of the cells, display infrared characteristics of dysplasia. 

15 That is, when dysplasia is present in a smear of cervical cells, the infrared spectrum of 
the cells shows that, in contrast with the microscopic method in the presence of 
dysplasia, the infrared method detects that essentially all the cells in a sample are 
dysplastic and that there are few if any normal cells present, using the criteria of 
normality by infrared examination of the cells. Contrary to the results of cytology and 

20 current beliefs for grading the extent to which cells have evolved from normal to 
dysplasia to cancer, the present invention and its use of infrared spectroscopy shows 
that nearly all the cells in the sample examined are dysplastic to some degree. This 
follows from reconstruction of spectra based on mixing the spectral features of normal 
and dysplastic cells. The abnormal spectrum in Figure 7 can be reconstructed only in 

25 the case that the sample contains a very small proportion of normal cells. 

The infrared spectroscopic examination and analysis of cells detects a 
level of precancer in cells that is usually undetectable by microscopic examination of 
such cells. As indicated, standard pathological methods determine that only a small 
minority of cells are affected with dysplasia in smears, while the infrared spectroscopic 

30 method of the present invention detects that essentially all the cells are affected with 
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dysplasia in one way or another. 

Although there are well-known problems in the acquisition of samples 
for PAP smears and large variations in the skill levels of the examiners, the present 
invention demonstrates that heretofore there were inherent limitations in the 
5 ^amentaltechn^ueofd^^ 

of cells. These limitations, however, are overcome by collecting information about 
cells via vibrational spectroscopy. That is, extensive changes in the chemical and 
physical attributes at the molecular level in cells may not appear as changes in the 
morphology of the cells, but these changes are detected by vibrational spectroscopic 
10 examination of the cells. Iheshowing that infrared spectroscopy of cervical cells 
detects dysplastic, precancerous disease in cells that appear normal morphologically 
explams why cervical cancer appears to develop rapidly in some patients without the 
evolution through the stages of dysplasia. It also accounts for why as many as 1/3 of 
patients with invasive cancer of the cervix have had a normal PAP smear within about 
oneyear of diagnosis of cancer, and why thePAP smears do not detect aU patients with 
cervical dysplasia. 

The discrepancy between the detection of disease by cytology versus 
vibrational spectroscopy extends to a comparison of microscopic examination of 
biopsies versus examination of cervical cells by infrared spectroscopy. Figure 8A 
shows a cervical biopsy of the exocervix. The biopsy was interpreted as showing foci 
of mild dysplasia (grade I or ON I). The abnormal cells are indicated within the box 
With regard to the interpretation of the biopsy, the distribution between normal and 
diseased cells in the biopsy in Figure 8A shows primarily normal cells and 
histopathologic^ criteria, and the degree of abnormality of the diseased cells was 
interpreted as mild, or early in the progression of the cells from normal to cancer. 

Figure 8B shows the infrared spectra of cervical cells collected from the 
patient immediately before the biopsy was obtained. The spectra does not reflect the 
presence of a mixture of normal cells and diseased cells, except in the case that the 
percentage of normal cells was quite small. This spectra teaches, therefore, that nearly 
all the cells collected in the sample of cervical cells scraped from the patient, 
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immediately prior to biopsy of the same cells/were diseased. As will be shown, the 
spectral features in Figure 8B correspond to cells with dysplasia (or precancer) more 
advanced than mild or grade I (CIN I). The conclusion to be drawn from these examples 
is the same as those from the example in Figures 5A-7. Microscopy of tissue, as 
5 compared with infrared spectroscopy, does not detect the true number of cells affected 
by dysplasia or the extent of progress of precancer to cancer. 

Referring to Figures 3 - 8B, the following applies: (i) Cells can be 
normal histopathologically but minimally deviated from normal, as reflected by the 
infrared spectra of cells in Figure 3 versus those in Figure 4; (ii) the present invention 

10 has increased sensitivity by the inclusion of the infrared spectral method for finding 
disease in cells which demonstrate the imprecision of the histopathological methods; 
(iii) cells determined to be normal histopathologically can be affected with advanced 
precancerous disease as would be discovered by infrared spectral examination of the 
same cells; (iv) the discriminant capacity of infrared spectroscopy and other modes of 

15 vibrational spectroscopy is greater than cytologic or histopathologic methods for 

detecting disease in cells and tissues; (v) microscopic examination of cells is no longer 
a sufficient basis for correlating the clinical stage and course of disease with disease at 
the cellular level because infrared spectroscopy and other modes of vibrational 
spectroscopy surpass microscopy in detecting disease in cells; and (vi) infrared 

20 spectroscopy will allow the clinician to detect disease in cells to follow the evolution of 
disease through the various levels of dysplasia. 
Detecting and Grading 

An experienced pathologist or cytologist should have little difficulty in 
the histopathologic diagnosis of cancer given sufficient information. The issue then 

25 becomes the problem of determining the stage of dysplasia or precancer. As already 
mentioned, the present invention through the use of infrared spectroscopy is able to 
track the evolution of cancer cells between normal and cancer cells at a higher level of 
detection than afforded by morphological changes in cells, through changes in the 
relationships of different organelles in cells, changes in their relative sizes, and changes 

30 in their staining properties. 
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Prior to detecting and grading, the samples must be collected. Once 
collection has taken place, then detection of dysplasia is performed. The conventional 
method of doing this is by microscopic examination of thecells, which has the problems 
discussed above. If dysplasia is found, the diagnosis generally is that the cell is 
5 precancerous. However, this is where the analysis generally ends. 

Referring to Figure 9, several spectra from patients with dysplastic 
disease of the cervix as determined by examination of biopsies of the endo- and 
exocervix are shown. The spectra that are shown are samples of cervical cells obtained 
by the usual PAP smear technique immediately prior to cervical biopsy. In Figure 9, the 

10 toP ^trum m me stac^ 

stacked with the least dysplastic tissue at the top and the most dysplastic at the bottom. 
This relationship of the curves shows theevolution of several spectral features as the 
degree of dysplasia increases. It is this type of information that microscopic 
examination fails to provide and does not permit it to truly grade dysplasia. 

15 More specifically in referring to Figure 9, the changes evolving across 

the spectra begin with decreasing intensity in the band at 1025 cm' 1 , increasing intensity 
in the bands at 1040 cm" 1 and 1050-1054 cm" 1 . These changes are not found in the 
normal spectra. The net result of these changes is first to broaden the bandwidth of the 

^ first spectral band and to shift the center frequency of this band to higher frequency. In 
addition, there is the intensity increase in the band at 1078 cm" 1 . These effects cause a 
change in which the spectrum of dysplastic samples have a picket fence appearance at 
the first two peaks. With further evolution of the spectra, the band at 1078 cnf 1 shifts 
to a higher frequency and this band becomes the most prominent peak in the spectrum 

25 between about 1000 cm' 1 and 1100 cm -1 

At higher degrees of dysplasia, the first band in the spectrum is broad 
and featureless; even the bands at about 1040 cm" 1 and 1054 cm" 1 . These bands, 
however, grow in intensity as cells become dysplastic and become enveloped by the 
first featureless band. 

30 ^ spectral changes as cells evolve from normal through the various 
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stages of dysplasia are not limited to the region between 1000 cm" 1 and about 1 100 
cm" 1 . As is seen by viewing Figure 9, the shoulder at 1 103 cm" 1 of the normal spectra 
disappears, and at 1 151cm" 1 , there is a broadening of the peak, decrease in intensity, and 
the center frequency shifts to a higher value. Just above 1200 cm" 1 , the spectrum 
increases in intensity and the envelope of this band in the spectra from dysplastic cells 
changes in shape. This band also becomes more prominent than the band at about 1300 
cm" 1 and shifts its center of gravity, ultimately, to a lower value. 

There is variability from spectrum to spectrum in the contributions of 

jq different vibrations to the envelop of this band in different patients. This is seen in the 
relative intensities of bands at about 1230, 1300 and 1400 cm" 1 , which change in a 
continuous way as dysplasia increases. The first two bands, which increase in intensity 
with the onset of dysplasia, are of about equal intensity in low grades of dysplasia. This 
relationship changes as dysplasia increases. Specifically, the intensity of the band at 

15 1230 cm" 1 becomes greater than the intensity of the band at about 1300 cm" 1 . Of these 
changes, the shift in the peak of the band normally at 1235 cm" 1 is the most variable of 
the changes associated with dysplasia and the least useful for determining the stage of 
evolution from normal to cancer cell. The significance of the variable change in the 

frequency of the peak of the vibration normally at 1235 cm" 1 , will be discussed in detail 
2 ® subsequently. 

Figure 10 shows spectra from patients in whom histopathological 
diagnoses of dysplasia were made on the basis of cervical biopsies. A comparison of 
Figures 9 and 10 show that there are similarities between the spectra in the two Figures, 

^ especially with regard to changes in spectral bands around 1000 cm" 1 . However, the 
spectra in Figure 10 has a different evolution pattern through stages of dysplasia. The 
main differences between the series of spectra in Figure 9 and Figure 10 include the 
following: (i) the appearance of a band at about 1000 cm" 1 for the spectra in Figure 10; 
." (ii) a downward shift in the frequency of the band normally at 1 151 cm" 1 ; (iii) the 

30 apparent "splitting" of this band into two bands as dysplasia increases so that there are 
recognizable independent maxima on the low and high frequency side of the normal 
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cm" 1 or higher; (iv) as compared with the spectra in Figure 8, the envelope of the band 
normally at 1233 cm^ has an especiaUy prominent maximum at an unusually small 
5 wa venumbermFigme^ 

1310cm-\ and 1410 cuf* that are different from normal as well as different from the 
series of spectra in Figure 9. Even in light of these differences, the series of spectra in 
Figure 10 show a progression of changes consistent with the progress of a disease but 
different in detail from the progressive changes in the spectra in the series in Figure 9 
10 ^ d *ecuonisp^^ 
the present invention. 

Referring to Figure 11, spectra of samples from padents with dysplasia 
in biopsies of the cervix and evidence, microscopically, of infection with human (HPV) 
papilloma virus are shown. The spectra in this series of dysplastic samples are different 

15 from normal spectra and different from the series of spectra in the dysplasia displayed 
in Figures 9 and 10. The distmgtushing features of me series of spectra in Figure 11 are 
as follows: (i) these spectra have a peak at 970 cm'* and this peak is not intense and is 
similar in intensity to the peak at about 965 cnf' in the dysplasdc spectra in Figures 9 

^ and 10; (ii) the spectra in Figure 11 have a signature region between about 750 cnf' and 
950 cm" Vmch is shown m detafl m R^^ 

region of the spectrum for dysplasia plus HPV, for the region below 950 cm" 1 are 
characteristic of cells infected with HPV; (ui) there are unusually advanced changes in 
the region of the spectra between above 1000 cm" 1 and 1 100 cm' 1 as compared to 

25 histopathological grades of dysplasia. The lowest traces in Figure 11, for example, were 
diagnosed as mild dysplasia on biopsy of the cervix. The spectra show a complete 
disappearance of the normal band at 1025 cnf*. which occurs for the series of spectra 
m Bgures 9 and 10 only at more advanced stages of dysplasia. It is important, however 
that the spectra in Figure 11 share important features with the series of dysplasdc 

30 spectrainFigurc^^ 
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peak at 1 151 cm" 1 , a relationship between the peaks at 1235 cm" 1 , 1310 cm ~\ and 1410 

cm" 1 that is unlike the pattern in Figure 9, including the occurrence of the 1235 cm" 1 

peak at unusually low frequencies and with low intensity. 

Referring to Figure 1 2 the spectrum in the solid line is of dysplastic cells 
5 with histological features of HPV infection. The spectrum in the alternating dots and 

dashes is of dysplastic cells without histological evidence of HPV infection. The 

spectrum in the dashed line is of normal cells. 

The examples in Figures 8 - 12, show spectra that were generated using 

infrared spectroscopy. The use of the infrared method shows at least three patterns by 
10 which dysplasia evolves. This is not meant to suggest that these are the only patterns. 

In fact, there can be numerous patterns that result in the evolution of dysplasia as shown 

in Figure 1. The evolution of dysplasia shown in Figures 8-12 also is contrary to 

current thinking about the process of dysplasia being a linear change along a single path 

(Figure 2). In fact, what Figures 8-12 do show is the way infrared spectra of dysplastic 
^ cells change and the way the process of dysplasia moves along several different 

pathways (Figure 1). The multiple paths in Figuje.l are detectable as different patterns 

of dysplasia in cells via the application of infrared spectroscopy to the diagnostic 

process but not by microscopic examination of cells. 

The infrared spectra in Figures 8-12, according to the present invention, 
20 show the ability to track the evolution of diseased cells through stages of dysplasia. This 

involves both large and minute changes which result in the number of stages of 

dysplasia that can be detected rather than the current classification of the three CIN 

grades I, n, and IE. 

Another spectral example which summarizes the clinical utility of 
25 infrared spectroscopy as a detection tool in cervical cells is the following, which make 

reference to Table 4 below. 
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Table 4: 



PATENT # 


PAP SMEAR 


CERVICAL 
BIOPSY 


SPECTRA 
ANALYSIS OF 
CELLS 


PATENT 1 


NEGATIVE 


ONE; HPV 


CIN V, HPV 


PATIENT 2 


NEGATIVE 


CINI 


aNn-m 


PATIENT 3 


NEGATIVE 


CINI (MILD) 


CIN TT.TTT 


PATIENT 4 


NEGATIVE 


ONI 


CIN T 


PATIENTS 


NEGATIVE; 7 HPV 


ONI 


ON n HPV 


*7UlfcNT 6 


NEGATIVE 


CINI 


CINI 


PATIENT 7 


NEGATIVE 


CINI 


CINE 


PATIENTS 


MILD ATYPIA RECOMMEND 
COLPOSCOPY 


NODYSPLA- 
SIA 


NEGATIVE 


PATIENT 9 


ATYPIA 


ND fPRPfi 
NANT) 


^TXJ TT 

ciN n 


PATIENT 9 A 


INFLAM. ATYPIA 


ONI 


CINI 


PATENT 10 


ASCUS 


ATVPTA MO 

DYSPLASIA 


ABNORMAL; 
POSSIBLE CIN I-II 


PATENT 11 


ASCUS 


CINI; HPV 


ONI; HPV 


PATIENT 12 


ASCUS 


on in 


ONE 


PATENT 13 


ASCUS; RULE OUT dN I 


CINI 


CINI 


PATENT 14 


ASCUS 


cini-h 


ON; HPV 


PATENT 15 


ASCUS 


CINI 


I^TXT T TT 
L-lIM I-II 


PATENT 16 


ASCUS 


NUCLEAR 
ATYPIA 


ONi-n 


PATENT 17 


ASCUS 


CINI; HPV 


CTN TT 

v— LIN ii \ 


PATENT 18 


ASCUS 


ONI 


CINE 


PATENT 19 


ASCUS i 


cmn 


cmn 


PATENT 20 


ASCUS 


CINI; HPV 


cmi-n 


PATENT 21 


ASCUS 


INFLAMA- 
TION 


ABNORMAL 


PATENT 22 


ciNi-n 


NO DYSPLA- 
SIA 


NO DYSPLASIA 


PATENT 23 


CINI 


CINI; HPV 


CIN I; HPV j 


PATENT 24 


ONI;7HPV 


CINI; HPV 


ON I; HPV 
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Table 4: 



PATENT* 


PAP SMEAR 


CERVICAL 
BIOPSY 


SPECTRA 
ANALYSIS OF 
CELLS 


PATIENT 25 


NEGATIVE 


NEGATIVE 


NEGATIVE 


PATENT 26 


ONI;HPV 


ONI;?HPV 


ONE 



.0 



15 



20 



25 



30 



Table 4 includes results for 27 women and that compares the diagnoses 
made by PAP smear, biopsy of the cervix, and infrared spectroscopy of cervical cells 
collected immediately before cervical biopsies were obtained. According to Table 4, 
there is a poor correlation between the cytological diagnosis and the biopsy diagnosis. 
Specifically, the cytological diagnosis and the biopsy diagnosis were in agreement in 
only 4 of 27 patients. This confirms the result shown in Table 1. The cytological 
diagnosis failed to detect significant dysplasia in 18 of 27 patients with dysplasia. Of 
these, 6 patients with biopsy-proven dysplasia were determined to be normal by 
cytological diagnosis. The cytological method misdiagnosed dysplasia in 3 of 4 patients 
with no significant cervical disease. 

In contrast, the infrared method applied to cervical cells detected all 
patients with dysplasia based on the histopathology of cervical biopsies. The infrared 
method detected normal cervical cells in all patients misdiagnosed as disease by 
cytology. The diagnoses based on infrared spectroscopy of cervical cells differed from 
the biopsy diagnosis in regard to the degree of dysplasia. In most instances, the infrared 
method diagnosed the dysplasia to be more severe than the histopathology grade of 
dysplasia. 

Table 4 demonstrates that infrared spectroscopy according to the present 
invention provides information regarding the condition of cells that heretofore was not 
available. This extends to both the detection and the grading of levels of dysplasia. 
Moreover, the infrared method can provide better more consistent results than 
histopathological examination of cervical biopsies for the purposes of detecting the 
presence or absence of significant cervical disease, e.g., dysplasia, and for grading the 
degree of any dysplasia found. As such, the infrared spectroscopy method provides 
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15 



20 



25 



accurate infonnation with regard to cells as they are evolving from normal to cancer 
cells by examination of these cells alone, detection that cells are evolving from normal 
states throughstages of precancerous states by different specific pathways, detection of 
the presence of human papilloma vind infection of cells, quantitative meaning to the 
extentof dysplasia in cells, andameans to identify patients who are progressing rapidly 
to cancer. It also provides a means for detecting and quantitating the extent and rate of 
progressionof precancerous disease to cancer on the basis of serial examinations of 
cervical cells from a patient which allows for real-time tracking of the disease, a means 
that allows clinical decisions to be made on the basis of quantifiable changes, or lack 
thereof, in the extent and rate of progress of precancerous disease, and a means for 
determining on a real-time basis the efficacy of agents to inhibit and/or prevent the 
progression of precancerous disease or that cause these diseases to regress. Further the 
present invention provides a method for the immediate diagnosis of cervical disease at 
the point of care, and an inexpensive method to examine cervical cells by infrared 
spectroscopy which will replace the expensive procedures of repeated culposcopy and 
cervical biopsy in the definitive diagnosis, follow-up, and treatment of cervical disease. 
Interpreta tion and Dia^ nncic 

The infrared spectrum of a sample of cells is collected and converted to 
a digitized form. This provides an objective data set The infrared spectra thus obtained 
may be analyzed by the system of the present invention to provide a diagnosis The 
system has storage for storing the digitized form of the objective data set The storage 
also wiUincludeapatienfs previous spectraso that the most recent set of objective data 
can be compared with historical data. These comparisons will permit the system of the 
present invention to show the extend of changes of the disease in light of prior 
examinations. Because of the ability to store and recall of digitized sets of prior spectra 
any of the prior data sets can be used as a basis for interpreting the significance of the 
most recent spectral examination of cervical cells. For example, the physician and 
patient would benefit from knowing whether a state of dysplasia has been stable, 
advanced, or regressed since the last examination. It also would be highly valuable to 
30 be able to measure the rate at which changes in the state of dysplasia have occurred 
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since the prior examination. 

This comparison of the spectra data will allow rapid interpretation of the 
most current data and diagnosis based on the level of dysplasia. Thus, a woman whose 
prior samples displayed non-normal spectra could keep a close eye on her condition. 
5 Moreover, the nature of the data sets obtained from spectral examination of cervical 
cells makes it possible to reinterpret old spectra whenever sufficient new clinical 
information (e.g., correlations between spectral data and the clinical behavior of disease 
states reflected by changes in the vibrational spectra of cells and tissues) adds to the 
clinically relevant information that can be extracted by machine analysis of a data set 
10 Analysis Qf Data Sets 

Once a vibrational spectrum of cells or tissue has been obtained 
according to the present invention, it may be processed for display on a CRT for 
interpretation. The analysis is begun by applying a Fourier transformation to selected 
digitized data that have been stored. Preferably, a computer driven infrared 
15 spectrometer is used to process, store, and display the digitized data. 

The transformed data sets are further processed and analyzed. This 
analysis will include, but not be limited to, the definition of peaks, bandwidths, 
deconvolution of peaks, subtraction of one spectrum from another, comparison of one 
spectrum with another by overlaying two or more spectra so as to determine the changes 
20 in patterns as dysplasia increases. This analysis will provide the information which 
permits diagnosis. 

More specifically, a number of different actions may be performed on 
the collected data sets. These actions can be categorized as analytical testing for 
establishing a diagnosis. This will include an expansion of spectra to emphasize 
25 established regions of highest sensitivity to the presence of disease while suppressing 
spectra regions containing no useful pathological information. 

The regions of interest with regard to cervical cells spans the range from 

750 cm* 1 to 1800 cm" 1 . The spectra are normalized in this region for equal intensity of 

the carbonyl stretching vibration (1600-1700 cm" 1 ). The absolute value of the intensity 

30 

of the infrared absorption in this region is used to measure the number of cells in a 
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sample and for quality control of the sample. 

In analyzing the data sets, the expanded spectra are approximated by a 
number of Gassing band envelopes. The Gaussian bands will be associated with peaks 
in the spectra. Since many vibrational transitions occur at the same frequency, a 
spectrum maybe reproduced accurately by fitting 10-25 Gaussian bands to it The 
number of Gaussian envelopes depends on the trade off of accuracy and computational 
time. Appropriate comparisons are made of the Gaussian envelopes to determine stages 
of dysplasia, classes of dysplasia, and other information. 

As an example, in the range of 750-1800 cm* 1 , the absorption spectrum 
for a sample of cervical ceDs can be decomposed into about 15 Gaussian envelopes that 
reproduce the observed spectra to within a few percent In this matter, a 1000 point 
spectrum is described by less than 50 parameters, namely intensities, frequencies, and 
bandwidths of each Gaussian envelope. However, a vibration of weak intensity may 
convey a high level of information about the presence or absence of disease and about 
the type of disease present in one or another spectrum. Therefore, care is taken to insure 
that bands of weak intensity are properly weighted in the decomposition phase. 

The decomposed Gaussian bands are used to identify the frequencies of 
bands, the intensity of bands, the bandwidths, and the relationship between intensities 
of different bands in spectra associated with normal cells and cells that are diseased. 
Thus, the decomposed Gaussian bands that describe the spectrum of a sample of cells 
when analyzed provide the disease information regarding the cells at issue in a sample. 

A second approach also is possible. According to this approach of the 
present invention, the entire spectrum is treated as a linear combination of mutually 
orthogonal functions that bear no intuitive meaning. However, the regions of n- 
dimensional space defined by the multifunctional analysis of a spectrum indicates the 
presence or absence of different types of disease reflected by the analysis of the 
spectrum of a given sample of cells. Additionally, the spectrum of the sample contains 
information indicative of the extent of the progression of a specific type of disease, as 
defined by the region of n-dimensional space occupied by the spectrum. This approach 
has inherent advantages because it treats the entire spectrum in a manner which 
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produces a low error rate in the analysis and allows a classification and ordering of 
sample spectra with respect to each other. 

After the analysis, the next step is diagnosis. A comparison or other 
evaluation of the data sets will provide the pathologist with the location and types of 
5 difference in the frequency spectrum of the most current data set and a historical data 
set. This analysis will show the degree of dysplasia changes and those noted changes 
will permit grade the level of dysplasia and as well as provide the diagnosis. The 
pathologist, based on whether the disease has regressed, remained about the same, or 
increased, will be able to recommend the proper type of treatment This will take place 

10 not only when in the later stages of the disease, but also at the very earliest stages of the 
disease, which was before the current methods were able to even detect dysplasia. 

The preferred embodiment of the system of the present invention uses 
infrared/vibrational spectra of human tissues and cells for the purpose of rendering 
medically useful diagnoses about the presence or absence of disease and the grade level 

15 of disease. 

This programmed approach can be implemented in a computer with 
software. This will permit rapid analysis of the data sets for the purpose of determining 
the level of dysplasia. As such, once the spectra are collected, they can be analyzed on- 
line by the computer. The analysis can be accomplished by a computer in physical 
20 proximity to the optical instrumentation that obtains the data or by a computer at a 
remote location that is connected to the optical instrumentation. 

Construction of Data Bases 

The connection between clinical medicine and vibrational spectroscopy, 
for the purpose of rendering clinically useful diagnoses, is the correlation between the 

25 results of standard pathology (which already has proven correlations with clinical 
diseases) and clinical medicine, with properties of vibrational spectra. As vibrational 
spectroscopy methods are used in clinical practice, they will first be used to establish a 
data base that will include information about normal cells, dysplasia cells, and frank 
cancer cells. A data base of this kind will permit the detection analysis, and diagnosis 

30 that is not capable of being performed with current systems and methods. The data base 
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constructed by the system for the method of the present invention can be adjusted for 
each person even though the same disease will differ some what for each of these 
people. Abasis for correlating disease and normality with a given set or sets of spectral 
data may be examinations of specimens of the endocervical and exocervical tissues 
together with clinical examinations of patients and the clinical course of disease. 

The vibrational method of the present invention detects disease at earlier 
stages than the current methods because this method detects abnormalities in the 
structures of individual molecules that precede development of morphological changes 
in tissues and cells. 



10 



In the context of the evolution of cancer, the most important information 
is the condition of dysplasia of a cells of each patient a given point in time rather than 
the comparison of cells with a stored data base. This approach permits the detection of 
diseases early in their development. Then, the disease's progression with time will 
provide insight into the significance of changes in the properties of the molecules of 
15 cells in each individual patient 

Analysis of a Vihratiopai g r ^ 1m 

The purpose of analysis of the vibrational spectrum of a sample of cells 
or tissue is to make a diagnosis as to me^^ 

relevant and, if present, the grade level of the disease. This will provide boththe 
20 physician and patient with some assurance thateither no disease is present or that a 
diseases in present, the type, and extent of the presence of the disease. The diagnosis 
must fit with what is known about the genesis and morphology of different diseases, 
which is the basisforaphysician'sunderstandingof the disease and how to treat it This 
aspect of the present invention will be explained with respect to the diagnosis of 
diseases of the cervix. This is meant to be an example and it is understood that this 
approach would apply to any type of diseased cells. 

The classes of diseases of the cervix that are important clinically are 
precancer or dysplasia (or precancer), and cancer. Since infection with HPV is thought 
to underlie many cases of dysplasia, the diagnosis of HPV is clinically relevant These 
disease states must be discriminated from normal. Also, based on what is shown in 
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Figures 3 to 6, there are changes in epithelial cells that represent the presence of disease 
that can be detected by vibrational spectroscopy but not by current methods. The system 
of the present invention first screens only the differences between normal and disease. 
This may be accomplished by comparing a new unknown spectrum with a spectrum 
5 from cells known to be normal via a point-by-point subtraction of the normal spectrum 
from the unknown spectrum. If the resulting difference spectrum is not a flat line, then 
the unknown is a sample of diseased cells. The criterion that the difference spectrum 
must be a flat line can be adjusted to account for variability between spectra that are 
derived from normal cells, i.e., cells not affected with the relevant diseases given above. 
10 The process of the system of the present invention is shown in Figure 13. 

Classification of Type of Disease Present 

Analysis of human tissue in order to make a medically useful and correct 
diagnosis with the lowest possible chance for error differs from known methods of 
simply identifying a chemical unknown. The genetic heterogeneity of people plus the 

15 varied manifestations of disease can cause variations in the "patterns" of infrared 
spectra in normal or diseased tissues that do not occur between molecules of a given 
chemical. The number of possible variations between tissue samples exceeds the 
number of chemical species that are significant. The number of analyses to be done on 
unknown tissue samples far exceeds the number of samples that could be used to build 

20 a data base on which to base diagnosis on pattern recognition alone. 

Although there are spectral differences between different tissue that has 
the same type of cancer and normal samples of the same tissue, these differences are not 
significant enough to prevent the use of the overall spectral pattern for comparison 
which will permit an accurate diagnosis. This diagnosis is only for the purpose of 

25 determining the type of disease. This comparison can be simple pattern matching in 
which a variety of algorithms would give the closest match between the spectrum of an 
unknown sample and a stored set of spectra in a data base, in which the stored spectra 
are examples of spectra for different types of disease (of a given type of cell). This data 
base would also include various grades of disease for each disease type. 

30 This method of classification according to the present invention, 
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provides the classification of the type of disease present based on an analysis of spectra, 
reduction of spectra by numerical analysis to sets of quantitative diagnostic criteria, 
with tolerance levels preset in the algorithms, and comparison of derived parameters for 
an unknown sample with similarly derived numerical parameters for samples known 
from clinical research to represent the presence of specific types of disease. The 
analysis and reduction for this purpose can be carried out on the primary data file and/ 
or on several possible difference spectra between the unknown sample and stored 
spectra known to represent well-defined disease states. The reliability of this 
classification method may be enhanced by setting parameters for diagnosis that insist 
on absolute levels of matching between an unknown and a stored spectrum. Analyses 
that fall out-side predetermined limits are rejected as indeterminate. 

As an alternative, an accurate diagnosis will obtain by entering into 
memory a large number of grades of precancerous disease so that a best match will be 
within the correct category of diagnosis. This requires that sufficient spectra data be 
entered into memory to create a continuum of grades of precancerous disease between 
normal and frank cancer. When the comparison is done, the proper classification will 
obtain. When this method of diagnosis is used, it creates a basis for a continuum in 
grading of precancerous disease by taking advantage of the quantitative nature of the 
fundamental data on which evaluation of cells and tissues is based. In carrying out this 
method, no attempt is made to match spectra by pattern, rather, a numerical value is 
assigned by the analytical system to each sample examined so that the degree of 
precancerous disease is associated with a physical quantity derived from the spectrum 
of a sample of cells. The quantity represents the deviation of a spectrum in appropriate 
regions with regard to the spectral parameters such as peaks for given vibrations, peak 
25 heights, ratios of peak heights, and bandwidths of peaks, and/or the sura of deviations 
from a line in a difference spectrum of the unknown and "normal" in the data base that 
are characteristic of ceUs with precancerous disease. This analysis is only for spectra 
deemed to be examples of precancerous disease. The numerical values for the grade of 
precancer can be made to correspond to linear changes in a given pattern of evolution 
30 of dysplasia (Figures 6-8, for example), with increasing degrees of precancer. 
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For the purpose of clinical guidance to physicians, a DYSPLASIA 
INDEX for a given sample of tissue may be derived in a way that superimposes the 
DYSPLASIA INDEX on currently used stages of dysplasia identified by 
histopathology, as for example the commonly used standards of low grade (CIN 1), 
5 moderate grade (CIN 2), and high grade (CIN 3) dysplastic disease (Figure 2). These 
classifications will give the physician the type of information that he or she will use to 
seeing so he or she can make immediate therapeutic decisions in the event that an 
advanced stage of precancerous disease or dysplasia already is present at the first 
examination of a patient and until physicians become accustomed to using the full 

10 capacity of the system and method of the present invention. 

A printout of results of the diagnostic analysis may be provided as a 
graphic representation of the stage of dysplasia by DYSPLASIA INDEX in relation to 
commonly used criteria for dysplasia (Figures 13 and 14). In the event that the patient 
has had previous examinations of cells and tissues by vibrational spectroscopy, the 

15 historical data base will permit a comparison of all previous data base files with the 
current file in order to determine via the DYSPLASIA INDEX an objective measure of 
progression or regression of disease. The printout may include a graphical 
representation of the patient's current status with regard to dysplasia and a separate 
graphical representation of the time-dependent changes in dysplasia present in samples 

20 previously collected and the current sample. This graphical representation is prepared 
on-line via access to all prior examinations that are contained in a patient's personal 
records device card. 

It is possible via the system of the present invention to identify patients 
in whom there is rapid progression of the dysplastic disease. This is an especially 

25 important group of patients to identify because they have the highest risk of progressing 
from a dysplastic disease to frank cancer over relatively brief periods of time. 
Therapeutic decisions have to be made early with respect to such patients, as compared 
with patients in whom progression is slow. As such, the present invention provides a 
basis for therapeutic decisions that maximize the benefits to all patients while reducing 

30 the total amount of invasive treatment required. Time-dependent changes in the 
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DYSPLASIA INDEX, and the time-derivative of the index, also will be used to monitor 
responses to chemopreventive therapy that delays progression to cancer and to separate 
patients in whom mild degrees of dysplasia are static and not threatening. 

From the foregoing, it is clear that the system of the present invention 
converts a subjective process of evaluating pathology to a reproducible, quantitative 
method that has precise clinical meaning to the physician. The present invention 
provides quantitative data for the clinician, who then interprets the meaning of this data 
and who can use this quantitative data to judge the progress of disease, the regression 
of disease, and the response of disease to therapy. In addition to providing a new basis 
for determining accurately when patients have precancerous disease, the present 
invention provides a powerful clinical tool for determining how to treat and when to 
treat patients with precancerous disease as well as completely new ways for assessing 
the value of experimental treatments. 

Storage of Information 

Archival storage of vibrational spectra is accomplished by storing the 
primary data base file in the computer, This data base file also can be stored on a 
portable memory device, such asaPCMCIAcard (personal records devicecard), which 
will permit the patient to take his or her record with them. The personal records device 
card contains all spectra related to a given patient 

The personal records device card with encoded spectral data allows 
comparisons of prior and the most current examinations of tissue to be made 
immediately by the last examining facility whether or not the patient attends the same 
physician's office, the same hospital, or the same pathology laboratory. Since the patient 
is the holder of such records, the portable device card will represent all past records at 
25 the site of the current examination. 

This also can be accomplished by the data file being able to be 
transmitted to the examining facility by modem. The encoding of spectra on the 
portable storage machine, together with the basic instrumentation for collecting 
vibrational spectra and the computer and associated algorithms for analyzing spectra, 
30 afford the examining physician the benefit of immediate comparison of current and 



20 



WO 96/41152 FCT/US96/09139 

: •• • : • ; -39- 

prior examinations. In the case that diagnostic services are provided at the point of care, 
the patients need only bring their personal record device card to the physician's office 
at the time of examination in order to benefit from immediate review of all past 
examinations. In the case that samples are sent to a pathology laboratory separate from 
5 the point of clinical care, the patient's personal records device card is sent by the 

examining physician with the samples to the laboratory. The latest data file is added to 
the personal records device card by the examining laboratory (or the point of care 
laboratory) and returned to the patient 

As is clear, each patient will possess the data that impacts on his or her 
10 own diseases and can present this data anywhere in the world. This aspect of the present 
invention eliminates the need to send for old pathological slides with the attendant loss 
of time and added expense in the course of the diagnostic process that leads to decisions 
about treatment Moreover, given the variability in inter- and intra-observer 
interpretation of a given slide of tissue, the digitized data base (the vibrational spectrum 
15 of the patient's tissues) together with a uniform method for comparing spectra with each 
other, provide a basis for determining the progression or regression of disease in cells 
that is currently unavailable by any other means. 

A benefit provided by the present invention is that all prior data files can 
be reexamined simply when new or revised methods are provided for analyzing a 
20 vibrational spectrum. For this purpose, the patient's data records contain, in addition to 
the spectral data, the dates of examination, codes that indicate the tissue examined, and 
the latest method used to analyze the spectra. The patient's personal records device card 
also contains identifiers for patient demographics, insurance, and any other pertinent 
information. 

25 When a patient's personal records card indicates prior examinations and 

is presented at a point of care diagnostic site or is sent with samples to an off-site 
pathology laboratory, or other off-site diagnostic facility, the stored records are cross- 
referenced to the newly acquired data so that the current sample and the prior spectral 
data are down-loaded to the computer on-line with the spectrometer. The cross- 

30 referencing between a new sample and old data files permits the computer to analyze 
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new data and compare it with old files. This signal may be sent to the computer by a bar 
code reader in the spectrometer that reads the appropriate, already cross-referenced bar 
code affixed to the sample holder (with the relevant patient's sample) just prior to the 
onset of data collection. All analyses of old data in relation to the newest examination 
are conducted automatically and on-line. A printout of the latest results in the context 
of older examinations is provided automatically by the system of the present invention. 
The storage of files on a personal records device card insures that all spectra are 
analyzed and compared according to the same method. 

Examination of Cells and JjsjBSs Using Tnfemri s^ ^jty 
Vibrational spectroscopy can be carried out on tissues and cells with a 
minimum of preparation of the tissues or cells. In fact, cells and tissues can be examined 
in their natural state, that is with no preparation of the cells prior to placing them in the 
light-beam for infrared spectroscopic examination. Fixation also may be used which 
includes chemical fixation oftissues and cells. Thechoiceof the method depends on the 
15 clinician's particular needs and requirements. 

The absence of a need to prepare samples with the expertise of highly 
trained personnel or via complex instruments means that the method of vibrational 
spectroscopy, in addition to collecting an objective set of data about the characteristics 
of molecules in tissues and cells, can be applied rapidly and in the clinical setting or at 
20 any point of care. 

Fixing cells and tissues by any means changes the spectral properties of 
tissues and cells. Although the effects of fixation on the vibrational spectra of the 
components of cells and tissues must be taken into account, such fixation imposes no 
inherent limitations on the vibrational method for collecting objective data for 
25 determining whether tissues or cells are normal or are diseased because the effects of 
fixation are controlled by comparing unknown samples with known samples of normal 
and diseased tissues and cells that were treated exactly as the unknown samples. 

Because of problems in controlling the spontaneous rate of deterioration 
of molecules in untreated tissues or cells in their natural states, the preferred 
embodiment of the invention described here is to examine fixed samples of tissues when 
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there is any chance of delay between obtaining the tissues and collecting the vibrational 
spectrum of the tissue. These delays could occur during point of care examinations or 
during transport of samples from sites of collection to sites of analysis. Therefore, in the 
preferred embodiment of the invention, tissues and cells are fixed at the site of 
5 collection. 

When tissues, not cells, are used as samples, the material for 
examination may be taken from a larger piece of tissue by scraping with a sharp blade 
or it may be prepared by microtome sectioning of frozen tissues. The latter method 
requires specialized equipment that usually is not at the point of care. 

10 -Adequacy OfCeP? 

The number of cells examined has an impact on the reliability of a 
normal diagnosis. The data base file, e.g., the data representation of the spectrum, 
contain absolute values for absorption of infrared light at all the frequencies sampled. 
The absolute value of absorption at any frequency will be correlated through 

15 standardized spectra in a data base with the number of cells examined.. From this 
correlation the number of cells examined will be determined for each unknown 
spectrum. 

According to the present invention, all diagnoses will contain a 
statement as to the number of cells on which diagnosis is based. Because of differences 
20 in the chemical and physical structures of molecules in normal and diseased cells, the 
. standards used for measuring and quantitating the number of cells examined will be 
coupled to the determination of normal cells or cells with disease. The parameters on 
which the system of the present invention makes decisions depend on the construction 
of suitable data bases of information and that these data bases will be different for 
25 different types of tissues. 

Control Of The Sample And Analysis 
Other than the number of cells examined, a sample could be 
contaminated with excess fixative or water, or with dirt that obscure features of the 
spectrum important for making a diagnosis. Samples that are inadequate for these sorts 
30 of reasons will be reported as inadequate for rendering a diagnosis because of artifacts 
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secondary to preparing the samples. Once it is determined that a sample is free from 
artifacts induced by preparation, the task for analysis is classification of the type of 
disease. 

The system of the present invention performs an analysis of samples of 
tissues and cells in about 90 seconds. This time includes data collection in which there 
is co-adding of interferograms collected from the tissue by Fourier-transform 
vibrational spectroscopy and data analysis, which takes only a few seconds. 

Infrared spectra of human and animal tissues can be obtained by placing 
tissue (removed from a patient or an animal) on a crystal designed for attenuated total 
reflectance spectroscopy. The technology of attenuated total reflectance spectroscopy 
just referred can be used to collect vibrational spectra from tissues in a patient by 
inserting the crystal, through which infrared light is passed, into organs of the body and 
impinging the crystal on the surface of the organ. What is collected is the infrared 
spectra of the top layer of cells in contact with the surface of reflective crystal of the 
probe. Infrared spectra also can be collected from tissues in the living patients through 
the use of probes for reflectance spectroscopy. 

The preferred method for examining tissues directly in patients, without 
removing portions of tissue or cells, is via attenuated total reflectance infrared 
spectroscopy. This may be accomplished by inserting a suitable probe into a region of 
the body of a living patient during surgery to identify, in intact organs, the borders of 
cancerous tissues and normal tissues. Relevant clinical data can be collec ted in the same 
way during laparoscopic surgery, during endoscopy of the lower or upper intestinal 
tract, and during probing of the uterine cavity, cystoscopy, bronchoscopy, colposcopy, 
arthroscopy, hysteroscopy, or image-guided insertion (CT scan or sonographic 
imaging) into a lesion embedded in a solid organ, such as the liver, the breast, a lymph 
node, or any lesion that can be identified by palpation or imaging. The technique also 
can be used to collect data on the presence of disease in a patient without removing 
tissue, and as a basis for determining what portions of tissue should be biopsied for 
routine pathological examination. 

The vibrational spectra of the molecular components in cells can be 
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obtained by infrared spectroscopy, either in the raid-infrared region or the.near-infrared 
region of light frequencies. Alternatively, the vibrational spectra of cells can be 
obtained by Raman spectroscopy, using as the incident beam light in the visible, the 
ultraviolet, or the infrared regions of frequencies. The technique of resonance Raman 

5 spectroscopy also can be used for collecting the vibrational spectra of selected types of 
molecules in cells by proper selection of the wavelength of the incident beam of light 
Only a few interferograms will be collected at each site according to the 
preferred embodiment of the present invention. As well, there will be a continuous 
display on a CRT to guide the clinician for real-time diagnosis of the tissue: is the tissue. 

10 To provide this information in real-time, the relevant spectrum for normal tissue 
(relevant to the tissue being examined) will be subtracted from the spectrum for the 
region of tissue sampled In the case that the tissue sampled is normal, the resulting 
difference spectrum will be a flat line. The physician can then move the probe to another 
region of the tissue. In the case of disease, a difference spectrum different from a 

15 straight line will appear almost instantly on the screen, indicating the presence of 

disease. The area can then be probed over a longer period of time to collect spectra with 
a high signal-to-noise ratio, which maximizes the power of analysis of the spectrum. 
Spectra from diseased areas will be stored and analyzed continuously as new regions of 
an organ are sampled by the probe. 

20 Relevant spectra acquired in the above manner will be stored as archival 

material by the examining facility and on personal records device cards. These will be 
given to the patient to be used later for comparison with samples probed at later dates 
of examination if these are required. 

Clinical Research World Wide 

25 The present invention will allow easy study of the medical significance 

of indeterminate samples (spectra) and for essentially instantaneous, world-wide 
collection of such spectra, which can then be used as a basis for correlating a patient's 
clinical state regardless of the disease. In this way, the clinical relevance of the 
parameters that constitute the data base can be continually upgraded. 

30 For example, all indeterminate spectra can be forwarded on-line by 
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modem to a central research facility for the diagnostic system that may be accessed by 
a pathologists. The data base file of the indeterminate spectrum carries this identifying 
code and can be analyzed to determine whether it corresponds to spectra collected 
elsewhere, which also were ^determinate. Correlation of clinical and pathological data, 
including the natural history of disease in patients with indeterminate spectra may lead 
to inserting new limits for certain diagnoses and/or the recognition of new diagnostic 
entities that have clinical significance. Therefore, the present invention is a powerful 
tool for conducting clinical research world-wide and for rapidly assembling into a 
single data base the world-wide experience in examination of human tissues and cells. 

The terms and expressions which are used herein are used as terms of 
expression and not of limitation. There is no intention in the use of such terms and 
expressions of excluding the equivalents of the features shown and described, or 
portions thereof, it being recognized mat various modifications are possible in thescope 
of the present invention. 
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Claims: 

1. A method for detecting and diagnosing disease in cells, comprising the steps 

of: 

obtaining and storing in storage means first spectra in a predetermined fre- 
quency range for at least one cell that has been determined to be free of dysplasia; 

collecting and distributing cells in a predetermined manner on a predetermined 
surface with cell collecting means; 

generating second spectra with for at least one cell disposed on the predeter- 
mined surface with a spectrometer means; 

comparing the first and second spectra for variations in frequency bands for 
indicating dysplasia; 

diagnosing a level of dysplasia based on a number and magnitude of variations 
of the first and second spectra. 

2. The method as recited in claim 1, wherein the collecting and distributing step 
includes collecting and distributing cells on a window of a sample holder. 

3. The method as recited in claim 2, wherein the window and sample holder are 
transparent to infrared and Raman energies. 

4. The method as recited in claim 1, wherein the generating step includes gen- 
erating spectra based on vibrational spectroscopy. 

5. The method as recited in claim 4, wherein the spectroscopy includes infrared 
spectroscopy. 
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AMENDED CLAIMS 

[received by the International Bureau on 5 December 1996 (05. 12.96); 
original claims unchanged; new claims 6-1 14 added (10 pages)] 

6. A method capable of detecting and diagnosing disease in epithelial cells, 
comprising the steps of: 

(a) obtaining and storing in storage means first spectra in a mid-infrared frequency 
range for at least one cell from a patient being tested that has been determined to have a 
specific predetermined state; 

(b) collecting cells from the patient being tested; 

(c) generating second spectra in the mid-infrared frequency range from the cells 
collected at step (b) ; 

(d) comparing the first and second spectra for variations caused by a predetermined 
condition: and 

(e) diagnosing a change of levels of dysplasia based on the comparison at step (d) 
for determining a degree of progression or regression of dysplasia, or whether there has 
been no change in dysplasia. 

7. The method as recited in claim 6, wherein the mid-infrared frequency 

range is between 600-4000 cm" 1 . 

8. The method as recited in claim 6, wherein the collecting at step (b) may 
be carried out by scraping. 

9. The method as recited in claim 6, wherein the collecting at step (b) may 
be carried out by surgical biopsy. 

10. The method as recited in claim 6, wherein the collecting at step (b) may 
be carried out by fine needle aspiration. 

11. The method as recited in claim 6, wherein the collecting at step (b) may 
be carried out by a collection of stool. 

1 2. The method as recited in claim 6, wherein the collecting at step (b) may 
be carried out by a collection of urine. 

13. The method as recited in claim 6, wherein obtaining first spectra in step 
(a) may be carried out using infrared transmission techniques. 

14. The method as recited in claim 6, wherein obtaining first spectra in step 
(a) may be carried out using infrared reflectance techniques. 

15. The method as recited in claim 6, wherein obtaining first spectra in step 
(a) may be carried out using infrared attenuated total reflectance ( ATR) techniques. 
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16. The method as recited in claim 6 r wherein obtaining first spectra in step 
(a) may be carried out using multi-variable perturbation infrared techniques. 

17. The method as recited in claim 6 ? wherein generating second spectra in 
step (c) may be carried out using infrared transmission techniques. 

1 8. The method as recited in claim 6, wherein generating second spectra in 
step (c) may be carried out using infrared reflectance techniques. 

19. The method as recited in claim 6, wherein generating second spectra in 
step (c) may be carried out using infrared attenuated total reflectance (ATR) techniques. 

20. The method as recited in claim 6, wherein generating second spectra in 
step (c) may be carried out using multi-variable perturbation infrared techniques. 

21. The method as recited in claim 6. wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in humans. 

22. The method as recited in claim 6, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in non-humans. 

23. The method as recited in claim 22, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in animals. 

24. The method as recited in claim 6, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in-vitro. 

25. The method as recited in claim 6, wherein the specific predetermined 

state in step (a) is dysplasia. 

26. The method as recited in claim 6, wherein the specific predetermined 

state in step (a) is non-dysplasia. 

27. The method as recited in claim 6, wherein the specific predetermined 
state in step (a) is precancer. 

28. The method as recited in claim 6, wherein the specific predetermined 

state in step (a) is frank cancer. 

29. The method as recited in claim 6, wherein the predetermined condition 

in step (d) is dysplasia. 

30. The method as recited in claim 6, wherein the predetermined condition 

in step (d) is inflammation. 

3 1 . The method as recited in claim 6, wherein the obtaining the first Raman 
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spectra includes collecting said first spectra in-situ. 

32. The method as recited in claim 31, wherein collecting said first spectra 
in-situ includes collecting with a sensing probe. 

33. A method capable of detecting and diagnosing disease in epithelial 
cells of humans, comprising the steps of: 

(a) obtaining and storing in storage means first spectra in a near-infrared frequency 
range for at least one cell from a patient being tested that has been determined to have a 
specific predetermined state: 

(b) collecting cells from the patient being tested; 

(c) generating second spectra in the near-infrared frequency range from the cells 
collected at step (b): 

(d) comparing the first and second spectra for variations caused by a predetermined 
condition: and 

(e) diagnosing a change of levels of dysplasia based on the comparison at step (d) 
for determining a degree of progression or regression of dysplasia, or whether there has 
been no change in dysplasia. 

34. The method as recited in claim 33, wherein the near-infrared frequency 

range is between 4000- 1 0,000 cm" 1 . 

35. The method as recited in claim 33, wherein the collecting at step (b) 

may be carried out by scraping. 

36. The method as recited in claim 33, wherein the collecting at step (b) 
may be earned out by surgical biopsy. 

37. The method as recited in claim 33, wherein the collecting at step (b) 
may be carried out by fine needle aspiration. 

38. The method as recited in claim 33, wherein the collecting at step (b) 
may be carried out by a collection of stool. 

39. The method as recited in claim 33, wherein the collecting at step (b) 
may be carried out by a collection of urine. 

40. The method as recited in claim 33, wherein obtaining first spectra in 
step (a) may be carried out using infrared transmission techniques. 

41. The method as recited in claim 33, wherein obtaining first spectra in 
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step (a) may be carried out using infrared reflectance techniques. 

42. The method as recited in claim 33, wherein obtaining first spectra in 
step (a) may be carried out using infrared attenuated total reflectance (ATR) techniques. 

43. The method as recited in claim 33, wherein obtaining first spectra in 
step (a) may be earned out using multi-variable perturbation infrared techniques. 

44. The method as recited in claim 33, wherein generating second spectra 
in step (c) may be carried out using infrared transmission techniques. 

45. The method as recited in claim 33, wherein generating second spectra 
in step (c) may be carried out using infrared reflectance techniques. 

46. The method as recited in claim 33, wherein generating second spectra 
in step (c) may be carried out using infrared attenuated total rcllcctance (ATR) techniques. 

47. The method as recited in claim 33, wherein generating second spectra 
in step (c) may be carried out using multi-variable perturbation infrared techniques. 

48. The method as recited in claim 33, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in-vitro. 

40. The method as recited in claim 33 v wherein the specific predetermined 
state in step (a) is dysplasia. 

50. The method as recited in claim 33, wherein the specific predetermined 

state in step (a) is non-dysplasia. 

51. The method as recited in claim 33, wherein the specific predetermined 

state in step (a) is precancer. 

52. The method as recited in claim 33, wherein the specific predetermined 

state in step (a) is frank cancer. 

53. The method as recited in claim 33, wherein the predetermined condi- 
tion in step (d) is dysplasia. 

54. The method as recited in claim 33, wherein the predetermined condi- 
tion in step (d) is inflammation. 

55. The method as recited in claim 33, wherein the obtaining the first 
Raman spectra includes collecting said first spectra in-situ. 

56. The method as recited in claim 58, wherein collecting said first spectra 
in-situ includes collecting with a sensing probe. 
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57. A method capable of delecting and diagnosing disease in epithelial 

cells, comprising the steps of: 

(a) obtaining and storing in storage means first Raman spectra tor at least one cell 
from a patient being tested that has been determined to have a specific predetermined 
state; 

(b) collecting cells from the patient being tested: 

(c) generating second Raman spectra from the cells collected at step (b); 

(d) comparing the first and second Raman spectra for variations caused by a prede- 
termined condition: and 

(e) diagnosing a change of levels of dysplasia based on the comparison at step (d) 
for determines a degree of progression or regression of dysplasia, or whether there has 
been no change in dysplasia. 

58. The method as recited in claim 57, wherein the collecting at step (b) 

may be carried out by scraping. 

59. The method as recited in claim 57, wherein the collecting at step (b) 

may be carried out by surgical biopsy. 

60. The method as recited in claim 57, wherein the collecting at step (b) 
may be carried out by fine needle aspiration. 

61. The method as recited in claim 57. wherein the collecting at step (b) 
may be carried out by a collection of stool. 

62. The method as recited in claim 57, wherein the collecting at step (b) 
may be carried out by a collection of urine. 

63. The method as recited in claim 57, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in humans. 

64. The method as recited in claim 57, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in non-humans. 

65. The method as recited in claim 64, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in animals. 

66. The method as recited in claim 57, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in-vitro. 

67. The method as recited in claim 57, wherein the specific predetermined 
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state in step (a) is dysplasia. 

68. The method as recited in claim 57, wherein the specific predetermined 

state in step (a) is non-dysplasia. 

69. The method as recited in claim 57, wherein the specific predetermined 
state in step (a) is precancer. 

70. The method as recited in claim 57. wherein the specific predetermined 
state in step (a) is frank cancer. 

71. The method as recited in claim 57, wherein the predetermined condi- 
tion in step (d) is dysplasia. 

72. The method as recited in claim 57. wherein the predetermined condi- 
tion in step (d) is intlammation. 

73. The method as recited in claim 57. wherein the frequency range of the 
Raman spectra is from ultraviolet to near-infrared. 

74. The method as recited in claim 57, wherein the obtaining the first 
Raman spectra includes collecting said first spectra in-situ. 

75. The method as recited in claim 74, wherein collecting said first spectra 
in-situ includes collecting with a sensing probe. 

76. A method capable of detecting and diagnosing disease in epithelial 

cells, comprising the steps of: 

(a) obtaining and storing in storage means first resonance Raman spectra for at 
least one cell from a patient being tested that has been determined to have a specific prede- 
termined state; 

(b) collecting cells from the patient being tested: 

(c) generating second Raman spectra from the cells collected at step (b); 

(d) comparing the first and second resonance Raman spectra for variations caused 
by a predetermined condition: and 

(e) diagnosing a change of levels of dysplasia based on the comparison at step (d) 
for determining a degree of progression or regression of dysplasia, or whether there has 
been no change in dysplasia. 

77. The method as recited in claim 76, wherein the collecting at step (b) 

may be carried out by scraping. 
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78. The method as recited in claim 76, wherein the. collecting at step (b) 

may be carried out by surgical biopsy. 

79. The method as recited in claim 76, wherein the collecting at step (b) 
may be carried out by fine needle aspiration. 

80. The method as recited in claim 76, wherein the collecting at step (b) 
may be carried out by a collection of stool. 

81. The method as recited in claim 76, wherein the collecting at step (b) 
may be carried out by a collection of urine. 

82. The method as recited in claim 76, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in humans. 

83. The method as recited in claim 76, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in non-humans. 

84. The method as recited in claim 83, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in animals. 

85. The method as recited in claim 76, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in-vitro. 

86. The method as recited in claim 76, wherein the specific predetermined 

state in step (a) is dysplasia. 

87 The method as recited in claim 76, wherein the specific predetermined 

state in step (a) is non-dysplasia. 

88. The method as recited in claim 76, wherein the specific predetermined 

state in step (a) is precancer. 

89. The method as recited in claim 76, wherein the specific predetermined 

state in step (a) is frank cancer. 

90. The method as recited in claim 76, wherein the predetermined condi- 
tion in step (d) is dysplasia. 

91. The method as recited in claim 76, wherein the predetermined condi- 
tion in step (d) is inflammation. 

92. The method as recited in claim 76, wherein the frequency range of the 
Raman spectra is from ultraviolet to near-infrared. 

93. The method as recited in claim 76, wherein the obtaining the first 
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Raman spectra includes collecting said first spectra in-situ. 

94. The method as recited in claim 93, wherein collecting said first spectra 
in-situ includes collecting with a sensing probe. 

95. A method for detecting and diagnosing disease in epithelial cells for 
grading on a continuous scale of a predetermined range from non-dysplastic to fully dys- 

plastic, comprising the steps of: 

(a) setting a first quantitative value along the continuous scale representative of a 
predetermined dysplastic condition for at least one cell of a patient being tested so that rel- 
ative changes in a degree of dysplasia may be determined for said patient: 

(b) collecting cells from the patient being tested: 

(c) generating spectral information from the cells collected at step (b): 

(d) determining. a second quantitative value along the continuous scale that is rep- 
resentative of spectral information generated at step (c); 

(e) comparing the first and second quantitative values on the continuous scale; and 

(f) determining based on the first and second quantitative values a degree of pro- 
gression or regression of dysplasia, or whether there has been no change in dysplasia. 

96. The method as recited in claim 95, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in humans. 

97. The method as recited in claim 95, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in non-humans. 

98. The method as recited in claim 97, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in animals. 

99. The method as recited in claim 98, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in-vitro. 

100. The method as recited in claim 95, wherein the collecting at step (b) 

may be carried out by scraping. 

101. The method as recited in claim 95, wherein the collecting at step (b) 

may be carried out by surgical biopsy. 

102. The method as recited in claim 95, wherein the collecting at step (b) 

may be carried out by fine needle aspiration. 

103. The method as recited in claim 98, wherein the collecting at step (b) 
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may be carried out by a collection of stool. 

104. The method as recited in claim 98, wherein the collecting at step (b) 
may be carried out by a collection of urine. 

105. A method for detecting and diagnosing disease in epithelial cells for 
grading on a continuous scale of a predetermined range from non-dysplastic to fully dys- 
plasdc, comprising the steps of: 

(a) setting a first quantitative value along the continuous scale representative of a 
predetermined dysplastic condition for at least one cell in a cell culture being tested so that 
relative changes in a degree of dysplasia may be determined for said cell culture;: 

(b) collecting cells from the cell culture being tested: 

(c) generating spectral information from the cell collected at step (b); 

(d) determining a second quantitative value along the continuous scale that is rep- 
resentative of spectral information generated at step (c); 

(e) comparing the first and second quantitative values on the continuous scale: and 
(0 determining based on the first and second quantitative values a degree of pro- 
gression or regression of dysplasia, or whether there has been no change in dysplasia. 

106. The method as recited in claim 105, wherein the method may be used 
for detecting and diagnosing disease in epithelial cells from humans. 

107. The method as recited in claim 105, wherein the method may be used 
for detecting and diagnosing disease in epithelial cells from non-humans. 

108. The method as recited in claim 105, wherein the method may be used 
for detecting and diagnosing disease in epithelial cells from animals. 

109. The method as recited in claim 105, wherein the method may be used 
for detecting and diagnosing disease in epithelial cells in- vitro. 

110. The method as recited in claim 105, wherein the collecting at step (b) 

may be carried out by scraping. 

1 11. The method as recited in claim 105, wherein the collecting at step (b) 

may be carried out by surgical biopsy. 

1 12. The method as recited in claim 105, wherein the collecting at step (b) 

may be carried out by fine needle aspiration. 

1 13. The method as recited in claim 105, wherein the collecting at step (b) 
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may be carried out by a collection of stool. 

114. The method as recited in claim 105, wherein the collecting at step (b) 
may be carried out by a collection of urine. 
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